Abstract. Sustainable development is the main aim of society development all over the world. It is also the priority policy area in the EU and Lithuania. The main mission of the State in implementing the Sustainable Development Strategy is the coordination and harmonisation of evolution of the main elements of sustainable development (environmental, economic and social spheres), provision of an opportunity for the population to actively participate in the sustainable development process and enjoy the results of the progress made through joint efforts. Measurement of the country's sustainability and progress achieved towards implementing the sustainable development targets is an important part of the sustainable development policy. Therefore, novel measures and tools are developed to aid the sustainability analysis. Multi-criteria methods can be applied in order to solve the intricate problem. Multicriteria decision making (MCDM) methods are suitable to tackle the sustainability assessment problem. In this study, we will apply two MCDM methods, namely ARAS and TOPSIS for a more robust assessment. The aim of the paper is to analyse and apply several MCDM methodologies for sustainability assessment in Lithuania and to evaluate the progress achieved in implementing sustainable development priorities in the country.
Introduction
In 2001, in the part on the EU Sustainable Development Strategy (EU SDS) the Gothenburg European Council Conclusions stated for the introduction of a "mechanism to ensure that all major policy proposals include sustainability impact assessment covering their potential economic, social and environmental consequences". A number of relative rankings of alternatives for each criterion. The AHP method is widely analysed, including considerable number and variety of articles written by different authors on the application of this method, its advantages and disadvantages (Saaty, 2080 ; Saaty 2090; Pohekar & Ramachandran, 2004; Aras et al., 2004) . According to the ARAS method, a utility function value determining the complex relative efficiency of a feasible alternative is directly proportionate to the relative effect of values and weights of the main criteria considered in assessments (Zavadskas, Turskis and Vilutiene, 2010) . Data Envelopment Analysis does also enable aggregation of multiple indicators (Mavrotas and Trifillis, 2006) .
Although Čiegis et al. (2009) , also Čiegis and Kareivaitė (2009) analysed the dynamics of sustainability indicators in Lithuania, no integrated index has been offered in the literature. Therefore, the present study is focused on a national-level analysis, viz. sustainable development in Lithuania. Specifically, the MCDM method ARAS Zavadskas et al., 2012) was employed for the analysis.
The aim of the paper is to analyse and apply several MCDA tools for sustainability assessment in Lithuania and to evaluate the progress achieved in implementing sustainable development priorities in the country. In order to achieve this aim, the main tasks are formulated:
• To analyse the key sustainable development indicators in Lithuania;
• To propose a framework for integrated assessment of Lithuania's sustainable development by applying MCDA tools.
• To apply several MCDAs for sustainability assessment in Lithuania; • To discuss assessment results and policy implications.
Sustainable Development Priorities in Lithuania
For each country and its residents, the country's development is important, as it determines its social and economic situation. Each country wants more favourable development opportunities and bigger investment flows, but these opportunities are limited and not always achievable. A country's development depends on its infrastructure, revenue received, investments, development of industry, the number of tourists attracted, the population, its activity and change. In order to improve the country's development, one must analyse its level of development based on the major spheres: economic, social and environmental. Only after analysing those areas it can be determined whether a country's development is balanced and which of the areas lacks attention (Ciegis et al., 2009) .
The Lithuanian national sustainable development strategy was approved by Resolution No 1160 of the Government of the Republic of Lithuania in 2003 (updated in 2009), stating that the strategy implementation reports shall be drafted every two years. The first report was compiled in 2005, the second in 2008 and the third is being prepared at the moment. The main objective of sustainable development in Lithuania is to achieve, by 2020, the development level of the EU countries of 2003, according to the indicators of economic and social development as well as to the efficiency in consumption of resources, and to stay within the EU's permissible limits, according to the environmental pollution indicators, while meeting the requirements of international conventions to minimise environmental pollution and input into global climate change. The implementation of the strategy is measured by sustainable development indicators (environmental quality: air and climate change, landscape and biological diversity, waste management, economic development: transport, industry, energy, agriculture, housing, tourism, social development: employment, poverty and social exclusion, public health, education and science, preservation of cultural identity, sustainable consumption and territorial development). As of 2004, national indicators on sustainable development are published in a separate section of the Statistical Yearbook of Lithuania and also on the websites of the Lithuanian Statistics and the Ministry of Environment.
In the national sustainable development strategy, the following priorities of Lithuania's sustainable development can be presented as 11 priority targets:
1. Moderate and sustainable development of economic branches and regional economies; 2. Decreased social and economic disparities between regions and inside regions by maintaining their peculiarities; 3. Reduction of environmental impact from branches of economy (transport, industry, energy, agricultural housing sector, tourism); 4. More effective use of natural resources and waste disposal; 5. Reduction of health impact; 6. Climate change and its impact mitigation; 7. Protection of biodiversity; 8. Protection of landscape; 9. Increasing employment, decreasing poverty and social vulnerability; 10. Increasing the role of science and education; 11. Protection of Lithuania's cultural peculiarity. Therefore, before choosing a policy measure, it is necessary to assess its economic, environmental and social impact based on strategic priorities of the country or sustainable development targets described above. The ex-ante evaluation of a policy measure's impact on sustainable development targets can be assessed by modelling the impact of a policy measure using the Global equilibrium or Partial equilibrium models. The ex-post evaluation of a policy measure's impact on sustainable development targets can be assessed by evaluating the changes of targeting indicators after implementation of policies (Štreimikienė, Mikalauskienė, 2009 ).
The evaluation of social, economic and environmental impacts of policies can be performed by applying the multi-criteria analysis, which allows assessment of policies based on the criteria that are sometimes contradictory. For example, the most expensive policies putting a heavy burden on the economy usually allow the largest emission reductions. Therefore, in order to compare policies according to contradictory criteria, it is necessary to sum up various impacts and to allocate different weights for specific criteria, taking into account the significance of criteria in decision-making. Several multi-criteria decision aiding tools have been created that allow conducting a simple multicriteria analysis and assess policies based on social, economic and environmental criteria (Streimikiene, Ciegis, Grundey, 2007) .
In Table 1 , the example of sustainable development indicators system for Lithuania is presented based on national sustainable development targets. These indicators can be applied for monitoring the impact of policy measures on sustainable development targets. The main strategic priorities of Lithuania are development of innovations and new technologies, increase in labour productivity and economic growth and increase of competitiveness, reduction of regional disparities, increase in employment, reduction of unemployment, poverty and social development, effective use of natural resources and waste disposal. Therefore, it is possible to develop a system of indicators representing these main strategic priorities and to assess all policy measures according to their impact on these targets. The application of multi-criteria analysis would allow ranking policy measures targeting the same policy aims according to their efficiency of bringing the country to a sustainable development path. This allows not just ranking policy measures but also provides for the harmonisation of different policies targeting different sectors and aims.
The three groups of indicators, each of them defining the economic, environmental, and social dimensions of sustainability were established. Table 1 summarises these data. The sustainability assessment of policies can be performed on micro and macro levels. The indicators presented in Table 1 can be applied for this purpose. The development of integrated indicators constructed from the set of indicators presented in Table 1 above can be applied for sustainability assessment of policies and for monitoring the progress achieved towards sustainable development. In the following chapters, the principles for the development of integrated indicators will be presented following the example of application of integrated indicators for monitoring the national sustainable development strategy.
Integrated sustainability assessment indicators are developed for monitoring the success of implementation of the sustainable development strategy and for the sustainability assessment of policies and measures seeking to reflect the main issues of sustainable development set in the national sustainable development strategy. Such indicators, constructed from a wide range of specific structural social, economic and environmental indicators aim to evaluate important features of investigated social, economic and environmental issues addressed in the national sustainable development strategy and at the same time they show how the changes of the structural indicators influence the dynamics of the integrated indicator.
The ARAS Method
This section describes the Additive Ratio Assessment (ARAS) method, as reported by Zavadskas et al (2012) . In the first stage, a multiple criteria decision making matrix, X, is formed. The matrix consists of m rows representing the respective alternatives and n columns identifying certain criteria, so that X x ij m n =     × , where i denotes the i-th alter-
, , , ), j stands for the j-th criterion ( j n = … 1 2 , , , ). In our case, we treated different time periods as alternatives and sustainability indicators as criteria. It is worth noting that x j 0 is the j-th attribute (criterion) of the ideal solution for j n = … 1 2 , , , . Indeed, the values of the ideal solution can be defined either 1) by putting in the pre-known optimal values of a certain phenomenon, or 2) by selecting the maxima for benefit criteria (minima for cost criteria):
with B and C being the sets of benefit and cost criteria, respectively. The ideal alternative, x 0 , thus becomes a yardstick for sustainability measurement. The second stage of evaluation encompasses normalization of the matrix X. Turskis and Zvadskas (2010) employed total ratios for the latter purpose. In this study, we employ vector normalisation as the square root of the sum of squares of each alternative per criterion. As a result, a normalised decision making matrix X is established, with its elements, x ij , computed as follows: 
Consequently, the responses of each alternative on objectives are transformed into dimensionless numbers which are bounded to the closed interval 0 1 , [ ] and thus suitable for multiple criteria evaluation. In addition, each criterion can be assigned with a significance coefficient, w j , such that w j j = ∑ 1. Thus, the normalized matrix, X , is weighed by multiplying each element therein by the respective coefficient of significance:
where ˆi j x is the weighted normalised value of the j-th criterion for the i-th alternative. In the last stage the values of utility function are estimated for each of alternatives:
As the ideal solution has been defined in the first stage, it is possible to compare the utility of each remaining alternative with that of the ideal solution by computing the following index:
where K i is the relative utility index of the i-th alternative. It is obvious that the values of K i range between 0 and 1. The best alternative is therefore chosen by maximizing K i . Note that time periods are considered as alternatives in case of sustainability assessment.
The TOPSIS Method
The algorithm of the TOPSIS method is presented according to Hwang and Yoon (1981) 
Firstly, the positive-ideal and the negative-ideal solutions, denoted respectively as A * and A − , are identified as follows: , for i m
with v j * and v j − being obtained from Eqs. 5 and 6, respectively. Finally, the relative similarity to the positive-ideal solution is calculated (proximity to positive and remoteness to negative values):
where
, , ,  . The best alternative can therefore be ranked in the descending order of C i . These values can also be considered as the partial indices of sustainability describing developments in
Aggregation of the Partial Sustainability Indices
The ARAS and TOPSIS methods were employed for each indicator group, namely economic, social, and environmental. As a result, each time period analysed is attributed with three indices, K i economic , K i social , and K i environmental , associated with the respective indicator groups, i. e. sustainability dimensions. Given that these indices are bounded to the interval 0 1 , [ ], they are comparable without any further normalisation. The integrated sustainability index is then obtained as follows: 
Discussion of Results
The ARAS method was employed for the three groups of indicators identifying the respective dimensions of sustainability. Within each group, equal weights were utilised, which virtually implied that no specific weight vectors were used. The resulting partial sustainability indices are presented in Fig. 1 . As one can note, it was the economic development that featured both the steepest increase and proximity to the ideal alternative (time period). The social dimension exhibited less intensive growth and remained the second in terms of proximity to the ideal observation. The environmental dimension was not associated with any significant changes. Ineffective policy measures can be one of the main reasons for flat development trends of environmental indices during 2000-2011. Though there were several concerns about negative trends in the development of social indicators, one can notice that the trends of the main social indicators were positive during that period.
The integrated sustainability index was estimated in the spirit of Eq. 6. Specifically, four approaches were maintained. The holistic approach attributed equal weights to all of the three dimensions of sustainability. The economic, environmental, and social approaches place the highest significance (i. e. weight of 0.5) on the economic, environmental, and social partial indices, respectively, whereas the weights of 0.25 were assigned for the remaining dimensions. Fig. 2 exhibits the dynamics of the integrated sustainability indices. As one can see from the results provided in Figure 2 , the trend of integrated sustainability assessment index developed by using the MCDA TOPSIS method was positive during 2000-2010, showing positive results in the achievement of sustainable development targets in Lithuania. Only the global economic crisis of 2008 had some negative impact on the steady growth of the integrated sustainability index in Lithuania. The integrated sustainability indices were virtually invariant to changes in weights. Indeed, partial indices of both social and environmental dimensions were peculiar with rather low variation and thus a meagre contribution to the integrated index. As a result, the economic dimension played its decisive role in the dynamics of the integrated sustainability index.
The similar integrated sustainability assessment index was developed by applying the ARAS method for sensitivity analysis of the results. Using the ARAS method, each time period was compared to the hypothetic positive-ideal one, whereas using the TOPSIS method, each period was compared to both positive-and negative-ideal ones. Therefore, sustainability progress was measured with respect to the worst and the best periods. Also, as in the case of MCDA TOPSIS, several scenarios of sustainability assessment were developed: holistic, economic, environmental and social scenarios.
The holistic approach attributing equal weights to all of the three dimensions of sustainability is presented in Figure 3 . The economic, environmental, and social approaches place the highest significance (i.e. weight of 0.5) on the economic, environmental, and social partial indices, respectively, whereas the weights of 0.25 were assigned for the remaining dimensions. Fig. 4 exhibits the dynamics of the integrated sustainability assessment index based on ARAS method according to three scenarios. As one can see from the results provided in Figure 3 , the TOPSIS method provided even for negative results in terms of development of environmental indices during the global economic crisis in 2008-2009. Other indices comprising integrated sustainability assessment index for Lithuania provided very similar results, as in the case of application of the ARAS method: social and economic indices were increasing and only at the time of the economic crisis this increase was at slower pace. The results presented in Figure 4 show that there are no significant differences in integrated sustainability index development for Lithuania in 2000-2010 according to different scenarios and the changes in the criteria weights according to a specific scenario do not affect the results.
Conclusions
1. Lithuania's integrated sustainability assessment index was developed by applying several MCDAs: the ARAS and the TOPSIS method. Social, economic and environmental indicators representing priority targets of the Lithuanian national sustainable development strategy were selected from the list of sustainable development indicators for the development of an integrated index for Lithuania's sustainability assessment. The results of both methods showed positive trends in sustainability assessment of Lithuania during 2000-2010. 2. A similar integrated sustainability assessment index was developed by applying two MCDAs. Using the ARAS method, each time period was compared to the hypothetic positive-ideal one, whereas using the TOPSIS method, each period was compared to both positive-and negative-ideal ones. Therefore, the progress in sustainability was measured with respect to the worst and the best periods. Several scenarios of sustainability assessment were developed for both indices: holistic, economic, environmental and social scenarios. 3. Only the global economic crisis of 2008 had some negative impact on the steady growth of the integrated sustainability index in Lithuania. The integrated sustainability indices were virtually invariant to changes in weights. Indeed, partial indices of both social and environmental dimensions were peculiar with rather low variation and thus a meagre contribution to the integrated index. As a result, economic dimension played its decisive role in the dynamics of the integrated sustainability index. Social dimension exhibited less intensive growth and remained the second in terms of proximity to the ideal observation. The environmental dimension was associated with no significant changes during the period under investigation and the ineffective policy measures could be one of the main reasons for flat development trends of environmental indices during 2000-2011.
